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TITLE 

CATALYTIC CH LOROF L UOR IN AT I ON PROCESS FOR 
PRODUCING CHCIFCF3 and CHF 2 CF 3 
5 FIELP OF THE INVENTION 

This invention relates to the catalytic 
chlorof luorination of halogenated ethanes and ethylenes 
containing chlorine, and more particularly to the 
production of halogenated ethanes containing fluorine by 

10 such chlorof luorination. 

BACKGROUND OF THE INVENTION 
Many processes have been disclosed for the 
preparation of 2-chloro-l, 1, 1, 2-tetraf luoroethane (i.e., 
HCFC-124 or CHCIFCF3) and pentaf luoroethane (i.e., 

15 HFC-125 or CHF2CF3) . Typical processes are described in 
GB 1,578,933 and U.S. Patent No. 3,755,477. 
GB 1,578,933 suggests hydrodehalogenation of various 
halogenated ethanes including 2, 2-dichloro-l, 1, 1, 2- 
tetraf luoroethane (i.e., CFC-114a or CCI2FCF3) and 

20 pentaf luoroethane, to form 1, 1, 1, 2-tetraf luoroethane 

(i.e., HFC-134a or CH2FCF3) and HCFC-124. U.S. Patent 
No. 3,755,477 discloses a process for producing 
fluorinated aliphatic hydrocarbons which comprises 
fluorinating a halogenated aliphatic hydrocarbon (e.g., 

25 1, 1, 1-trichloroethane or trichloroethylene) using a gas 
phase reaction with hydrogen fluoride in the presence of 
a chromium oxide catalyst. Example 23 therein 
illustrates using tetrachlproethylene as a raw material, 
with formation of 20% 2, 2-dichloro-l, 1, 1-trif luoroethane 

30 (i.e., CHCI2CF3 or HCFC-123) , 20% HCFC-124, 30% HFC-125 
and 20% chloropentaf luoroethane (i.e., CCIF2CF3 or 
CFC-115) . 

It is difficult to predict the supply/demand 
situation for any given hydrof luorocarbon, hydrochloro- 
35 f luorocarbon or their precursors. There is thus an 
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incentive for developing numerous routes to commercially 
valuable hydrof luorocarbons and hydrochlorof luoro- 
carbons. HFC-125 and HCFC-124 are useful as 
refrigerants, blowing agents, fire extinguishants and 
5 propellants. Therefore, there is continuing interest in 
developing efficient methods of producing these 
materials. 

SUMMARY OF THE INVENTION 
The present invention provides a process which 

10 employs a catalyst comprising chromium oxide for 

producing halohydrocarbons of the formula CHXFCF3 (where . 
X is selected from CI and F) . The process is 
characterized by feeding a combination of components 
comprising (i) at least one halohydrocarbon starting 

15 compound selected from CHCl=CCl2 and CH2CICF3, <ii) 
hydrogen fluoride and (iii) chlorine, to a reaction 
zone; contacting said combination of compounds in said 
reaction zone with a catalyst comprising chromium oxide 
at an elevated temperature to produce reaction zone 

20 products containing halohydrocarbon reaction products of 
the formula CHXFCF3 together with halohydrocarbons of 
the formula CHYCICF3 (wherein Y is selected from CI and 
H) ; and recovering at least a portion of the reaction 
products from the reaction zone including at least one 

25 halohydrocarbon of the formula CHXFCF3 . Optionally, a 
portion of the reaction zone products can be recycled to 
the reaction zone; and the combination of components 
contacted with the catalyst can optionally further 
comprise at least one halohydrocarbon recycle compound 

30 of the formula CHYCICF3. Advantageous embodiments of 
the process include providing a contact time and 
temperature in the reaction zone and an amount of 
recycle of halohydrocarbons of the formula CHYCICF3 to 
the reaction zone sufficient to produce halohydrocarbon 

35 compounds of the formula CHXFCF3 in the recovered 
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reaction products as the major component of the halogen- 
substituted hydrocarbon reaction products in the 
recovered reaction products. 

DETAILS OF THE INVENTION 

The present invention provides a process for 
catalytically chlorof luorinating CH2CICF3 and/or 
CHCl=CCl2 to produce CF3CHCIF and/or CF3CHF2 . 

In accordance with this invention, CH2CICF3 and/or 
CHCl=CCl2, and hydrogen fluoride and chlorine are 
contacted with. a catalyst comprising chromium oxide at 
elevated temperature to produce CHCIFCF3 and CHF2CF3 . 
Preferably, the catalyst consists essentially of 
chromium oxide. Most preferably the catalyst consists 
essentially of chromium oxide prepared as described in 
U.S. Patent No. 5, 036, 036/ which is hereby incorporated, 
by reference herein in its entirety. This includes 
catalyst compositions comprising Cr203 prepared by 
pyrolysis of (NH 4 ) 2 Cr207 and having an alkali metal 
content of about 100 ppm or less. 

The catalysts of this invention facilitate 
obtaining high yields of the desired products 
Preferably, the compounds CH2CICF3 and CHCl=CCl2 are 
converted to provide 2-chloro-l, 1, 1, 2-tetraf luoroethane, 
pentafluoroethane or in some embodiments, a combination 
of 2-chloro-l, 1, 1, 2-tetraf luoroethane and pentafluoro- 
ethane in total, as the major (i.e., about 50 mole 
percent or more) chlorof luorination product. Most, 
preferably, the chlorof luorination is run without 
isomerization of CF3CHCIF or disproportionation of 
CF3CHCIF or CF3CHF2 . 

The chlorof luorination reaction may be conducted in 
the reaction zone of any suitable reactor, such as a 
fixed bed reactor. It may be done in a batch or 
continuous mode; and may be conducted in a single 
reaction vessel or a combination of reaction vessels. 
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The reaction vessel (s) of the reactor should be 
constructed of materials which are resistant to the 
corrosive effects of hydrogen fluoride, hydrogen 
chloride, and chlorine, such as Hastelloy™ nickel alloy 
5 and Inconel™ nickel alloy. 

The reaction may be run with or without recycle of 
at least one halohydrocarbon of the formula CHYCICF3 
from the reaction products. Where no recycle is 
practiced the halohydrocarbon (s) fed to the reaction 

10 zone typically consist essentially of CH2CICF3 and/or 
CHCl=CCl2. Where recycle is practiced, the 
halohydrocarbons fed to the reaction zone typically 
include CHCI2CF3 in addition to CH 2 C1CF 3 (starting 
material and/or recycle) and/or CHCl=CCl2. Of 

15 particular note are embodiments where CHCl=CCl2 starting 
material and CHYCICF3 recycle (i.e., a saturated 
recycle) are reacted in a single reaction, zone. 

The molar ratio of chlorine to the total moles of 
CHC1=CC1 2 , CH2CICF3 and recycled CHC1 2 CF 3 fed to the 

20 reaction zone is typically within the range from 0.5:1 
to 50:1, and is preferably from 2:1 to 10:1. ' 

The molar ratio of hydrogen fluoride to the total 
moles of CHC1=CC1 2 , CH 2 C1CF 3 and recycled CHC1 2 CF 3 fed to 
the reaction zone is typically within the range of from 

25 2:1 to 100:1, and is preferably from 3:1 to 30:1. 

An inert diluent such as argon, helium, or nitrogen 
may be used in the chlorof luorination reaction of the 
present invention. If desired, oxygen may be cofed into 
the reaction zone. The molar ratio of oxygen which may 

30 be present during the reaction to the total moles of 

CH2CICF3, CHC1=CC1 2 and additional recycle, if any, can 
vary but will typically be within the range of from 
0.001:1 to 1:1. The oxygen may be fed to the reaction 
zone as such or may be diluted with an inert gas such as 
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nitrogen, helium, or argon. The source of the oxygen 

may also be air. 

The combination of components fed to the reaction 

zone (i.e., the CH2CICF3, CHCl=CCl2, Cl 2 , HF and other 
5 components such as CHYCICF3, oxygen, and/or inert 

diluents) may be added individually or as mixtures of 

two or more of the components. 

The reaction is conducted at elevated temperature. 

Generally, the reaction temperature can range from 200°C 
10 to 375°C, and is preferably from about 240°C to 310°C. 

The contact time generally will be from about 1 to 60 

seconds, and is preferably from about 15 to 30 seconds. 

Although the chlorof luorination reaction of the present 

invention is usually conducted at atmospheric pressure, 
15 it may also be conducted under elevated or reduced 

pressure. 

2-Chloro-l, 1, 1, 2-tetraf luoroethane and pentafluoro- 
ethane in the gaseous mixture discharged from the 
reactor may be isolated by conventional means, such, as 

20 distillation. Products of the chlorof luorination 

reaction of the formula CHYCICF3, where Y is selected 
from CI and H, (i.e., CH2CICF3 and/or CHCI2CF3) may be 
recycled to the chlorof luorination reaction zone to 
afford additional HCFC-124 and HFC-125. 

25 HF may be present in some embodiment of the 

invention as an azeotrope or a mixture of azeotropes. 
Azeotropic compositions containing HF and CHYCICF3 may 
also be recycled to the reactor. 

Practice of the invention will become further 

30 apparent from the following non-limiting Examples. 

EXAMPLE 1 
Chlorof luorination of CH2CICF3 

A 15 in. (38.1 cm) x 3/8 in. (0.95 cm) Hastelloy™ 

nickel alloy tube was filled with 15.87 g of 12 to 20 

35 mesh (1.7 to 0.84 mm) fresh chrome oxide*. The catalyst 
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was activated by heating at 450°C for 1 hour under a 
nitrogen purge (50 seem, 8.3xl0~ 7 m 3 /s) , then cooled to 
300°C and purged with HF (20 seem, 3.3xl0~ 7 m 3 /s) . The 
flow of HF was then raised to 140 seem (2.3xl0~ 6 m 3 /s) 
5 for one hour. The catalyst bed temperature was reduced 
to 269°C and CH2CICF3, HF and CI2 were fed at 1.0 seem 
(1.7xl0- 8 m 3 /s), 40.9 seem (6.8xl0- 7 m 3 /s) and 18.4 seem 
<3.1xl0~ 7 m 3 /s) , respectively. The results of this 
reaction are shown in Table 1. The bed temperature was 

10 then raised to 299°C and CH2CICF3, HF and CI2 were fed at 
0.52 seem <8.7xl0- 9 m 3 /s) , 58.1 seem (9.7xl0~ 7 m 3 /s) and 
10.8 seem (1.8xl0~ 7 m 3 /s) , respectively. The results of 
this second reaction are also shown in Table 1. 

The reactor effluent was sampled on-line with a 

15 Hewlett Packard HP 5880 gas chromatograph using a 
20 foot long, 1/8 inch diameter, column containing 
Krytox™ perf luorinated polyether on an inert support and 
a helium flow of 35 cc/minute. Gas chromatographic 
conditions were 70°C for 3 minutes followed, by 

20 temperature programming to 180°C at a rate of 
6°C/minute . 

TAPLE \ 

T(°Q %124fo) %i25(b) %123< c > %114aff> %113< c ) %133a(0 %114fe) %115( h > 

269 68 9.3 7.5 5.5 3.7 3.4 2.3 

299 - 82 0.4 3.2 - 4,1 5.1 5.0 

( a >124 = CHCIFCF3 
W125 =CHF2CF3 

( c ) l23 =CHQ2CF3 

( d ) ll4a=rCCl2FCF3 
< e >113 =CCl2FCClF2 
(0l33a = CH 2 aCF3 
(8)l 14 =CC1F2CC1F 2 
W115 =CC1F2CF 3 
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HCFC-123 and HCFC-133a, after removal from the 
product mixture by distillation, may be recycled to the 
reaction zone to afford additional HCFC-124 and HFC-125. 

EXAMPLE 2 
Chlorofluorination of CHCl=CCl2 

A chrome oxide catalyst was prepared and used in 
the apparatus described in Example 1 except that 15.09 g 
of catalyst was used. The catalyst bed was cooled to 
275°C and CHC1=CC1 2 (TCE), HF and Cl 2 were fed at 
3.7 seem (6.2xl0~ 8 m 3 /s) , 2.3 seem (3.8xl0~ 8 m 3 /s) and 
28.9 seem (4.8xlCT 7 m 3 /s) , respectively. The reactor 
effluent had a molar composition as shown in Table 2. 

TABLE 2 

*TCE %124 %125 %123 %114a %113 %133a %114 %115- 
5.3 13.1 4.8 10.1 6.5 10.1 39. 6 9.7 0.. 8 

HCFC-123 and HCFC-133a f after removal from the 
product mixture by distillation, may be recycled to the 
15 reaction zone to afford additional HCFC-124 and HFC-125. 
Particular embodiments of the invention are 
illustrated by the examples. Other embodiments will 
become apparent to those skilled in the art from a 
consideration of the specification or practice of the 
20 invention disclosed herein. It is understood that 

modifications and variations may be practiced without 
departing from the spirit and scope of the novel 
concepts of this invention. It is further understood 
that the invention is not confined to the particular 
25 formulations and examples herein illustrated, but it 

embraces such modified forms thereof as come within the 
scope of the claims which follow. 
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WHAT IS CLAIMED IS: 

1. A process for producing halohydrocarbon 
compounds of the formula CHXFCF3 wherein X is selected 

5 from the group consisting of CI and F, characterized by: 

(a) feeding a combination of components 
comprising (i) at least one halohydrocarbon starting 
compound selected from CHC1=CC1 2 and CH 2 C1CF 3 , (ii) Cl 2 , 
(iii) HF and optionally, <iv) at least one 

10 halohydrocarbon recycle compound of the formula CHYCICF3 
where Y is selected from the group consisting of H and 
CI to a reaction zone; 

(b) contacting said combination of compounds 
in said reaction zone with a catalyst comprising 

15 chromium oxide at an elevated temperature to produce 
reaction zone products containing halohydrocarbon . 
reaction products of the formula CHXFCF3 together with 
halohydrocrbons of the formula CHYCICF3; 

(c) recovering at least a portion of the 
20 reaction products from the reaction zone including at 

least one halohydrocarbon of the formula CHXFCF3; 

(d) optionally recycling a portion of the 
reaction zone products to said reaction zone; and 

(e) providing a catalyst contact time and 
25 temperature in said reaction zone and an amount of 

recycle of halohydrocarbons of the formula CHYCICF3 to 
said reaction zone sufficient to produce halohydrocarbon 
compounds of the formula CHXFCF3 in said recovered 
reaction products as the major component of the halogen- 
30 substituted hydrocarbon reaction products in said 
recovered reaction products. 

2. The process of Claim 1 wherein the reaction 
temperature is within the range of from 200°C to 375°C; 
wherein the molar ratio of Cl 2 to the total moles of 

35 CHC1=CC1 2 , CH 2 C1CF3, and recycled CHC1 2 CF3 is within the 
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range of from 0.5:1 to 50:1; and wherein the molar ratio 
of HF-to the total moles of CHCl=CCl2, CH2CICF3, and 
recycled CHCI2CF3 is within the range of from 2 : 1 to 
100:1. 

5 3. The process of Claim 2 wherein the catalyst 

consists essentially of chromium oxide. 

4. The process of Claim 2 wherein the catalyst 
comprises Cr2<>3 prepared by the pyrolysis of (NH 4 )2Cr207 
and having an alkali metal content of about 100 ppm or 

10 less. 

5. The process of Claim 2 wherein the 
halohydrocarbon starting compound is CH2CICF3. 

6. The process of any one of Claims 2 through 5 
wherein CHCIFCF3 is the major component of the halogen- 

15 substituted hydrocarbon reaction products recovered. 

7. The process of any one of Claims 2 through 5 
wherein CHF2CF3 is the major component of the halogen- 
substituted reaction products recovered. 

8. " The proces of Claim 2 wherein the . 
20 halohydrocarbon starting compound is CHCl=CCl2 - 

9. The process of any one of claims 2, 3, 4, 5, 
and 8 wherein the process is run with recycle of at 
least one of said halohydrocarbons of the formula 
CHYCICF3. 
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